Microtubules are an essential component of the neuronal cell cytoskeleton. Stable populations contribute to the maintenance of cell shape and provide cellular motorways for kinesin and dynein-mediated transport, whereas polymerizing microtubules drive neuronal polarization, neuronal migration, and, after injury, axonal regeneration (Stiess and Bradke, 2011) . Microtubules are dynamic in the growth cone tips and plus-end tracking proteins (+TIPs) associate with growing microtubule plus-ends to regulate filament extension and consequently axonal growth (Stiess and Bradke, 2011) . In this issue, Preitner et al. (2014) provide evidence for the direct binding of a +TIP protein, adenomatous polyposis coli (APC), to RNA.
Initially identified as a frequently mutated gene in colon carcinomas (Kinzler and Vogelstein, 1996) , APC is best known as a potential tumor suppressor. A large body of work subsequently established its key role in canonical Wnt signaling, a pathway responsible for regulating the transcription of key genes involved in cell proliferation and migration (Clevers and Nusse, 2012) . A convergent line of inquiry uncovered the function of APC in cytoskeletal regulation, both as a +TIP and as a mediator of actin nucleation, thereby also directing cell polarity, migration, and adhesion (Breitsprecher et al., 2012; Stiess and Bradke, 2011) . In mammalian fibroblasts, it has been shown that APC associates with RNA granules in cellular protrusions, and a third mode of APC action, namely regulation of mRNA localization, has been proposed (Mili et al., 2008) . Using the powerful HITS-CLIP (high-throughput sequencing of RNA isolated by crosslinking immunoprecipitation) methodology, in tandem with extensive bioinformatic analyses, Preitner et al. now reveal the brain APC-RNA interactome.
The HITS-CLIP workflow adopted by the authors involves UV crosslinking of RNA-protein complexes from embryonic mouse (E14) brain homogenate and immunoprecipitation of APC, followed by high-throughput sequencing of the isolated, radiolabelled RNA populations. The first striking outcome from the subsequent data analysis is the high prevalence of APC binding sites in mRNA 3 0 -untranslated regions (3 0 -UTRs), known to be important for the regulation of mRNA stability, localization, and translation efficiency (Holt and Schuman, 2013) . Second, at least one of three consensus RNA motifs were identified within the APC binding sites in 77% of target mRNAs, providing evidence for some degree of APC-RNA interaction specificity. Third, and arguably most intriguing, is the very large overlap unveiled between the APC-RNA interaction profile and the protein networks associated with APC function, immediately raising the possibility that APC-RNA interactions may play roles in these processes. From their APC-RNA interactome, the authors chose b2B-tubulin as their exemplar to investigate this concept. Gel shift assays confirm direct interaction of a basic region toward the C terminus of APC with a b2B-tubulin 3 0 -UTR mRNA and exclude the possibility that other proteins associated with APC might be responsible for observed b2B-tubulin mRNA binding.
Microtubules are assembled from aand b-tubulin heterodimers. Variability is introduced into the microtubule framework by the range of different a-and b-tubulin subunits available. b2B-tubulin, whose mRNA has previously been reported to be enriched and locally transcribed in axons (Gumy et al., 2011) , is important for the correct migration of cortical neurons and for the formation of axonal tracts (Bahi-Buisson et al., 2014) . In this issue of Cell, Preitner et al. (2014) explore the consequence of disrupting b2B-tubulin mRNA-APC binding in both in vitro and in vivo experimental settings. Blocking this interaction in cultured dorsal root ganglion (DRG) neurons results in a diminished number of dynamic microtubules in the growth cone periphery and a concomitant reduction in growth cone area. Meanwhile, inhibiting b2B-tubulin mRNA-APC binding in utero, led to clear deficiencies in cortical neuron migration. The authors propose a model whereby direct APC-b2B-tubulin mRNA association at the dynamic microtubule plusends in the growth cone periphery, leads to an increase in the local translation of b2B-tubulin subunits and increased microtubule polymerization, ultimately regulating growth cone expansion and neuronal migration (Figure 1) .
The decentralization of genomic information to genomic outposts for local translation is proposed to be a common mechanism in neurons (Holt and Schuman, 2013) . Regulation of local protein levels through mediating mRNA stability, availability for translation, and localization is an attractive model. Alternative potential modes of rapid protein accumulation should not be neglected though. For example, fast trafficking of AMPA receptors (Hoerndli et al., 2013) and small fragments of microtubules themselves (Wang and Brown, 2002) have been shown to occur along the microtubule motorways. Therefore, besides recruiting protein effectors and mRNAs through direct interactions, as a +TIP protein, APC may also facilitate the delivery of new protein cargos through microtubule regulation.
From bioinformatic analyses of the brain APC-RNA interactome, Preitner et al. identify a highly interconnected cytoskeletal interaction network. Interpretation of experiments in the current study involving removal or inhibition of the basic region of APC is complicated by the involvement of this region in actin assembly (Breitsprecher et al., 2012) , as well as RNA binding. Therefore the role of APC in simultaneous actin and microtubule regulation remains an important question to address, as does the potential role of the C-terminally truncated APC2 isoform, which lacks the basic region. In addition to b2B-tubulin, a1A-, and b5-tubulin isoforms are also found in the brain APC-RNA interactome, posing the immediate question whether mRNAs of other tubulin subunits might localize to sites of microtubule polymerization? Might additional +TIPs also contain RNA-interaction domains and bind other tubulin mRNAs? The ''tubulin-code'' hypothesis, proposes that the precise tubulin composition of microtubules, confers specificity (Verhey and Gaertig, 2007) . The distinct posttranslational modifications of different tubulin isoforms have been shown to influence microtubule stability, allow selective protein interactions, and govern the motility of microtubule motors. The current study (Preitner et al., 2014) , raises the possibility that tubulin isoform specificity may also be conferred via differential regulation at the mRNA level.
The APC-RNA interactome reported by Preitner et al. presents a large number of additional candidates very worthy of further study, particularly those involved in the canonical Wnt signaling pathway.
Looking beyond the arena of APC though, microtubule self-organization via protein-RNA network crosstalk is an alluring model, inviting further investigation. Might other assembly sites within the cell also be able to gather building materials through direct mRNA recruitment and local protein translation? It will be fascinating to discover whether this concept may be applicable in other cellular contexts. Preitner et al. (2014) . Selected APC domains represented as follows: dark blue box, N-terminal dimerization domain; purple ovals, Armadillo repeats; blue-green box, basic domain; light blue circle, C-terminal EB1 interaction domain. APC may be recruited to microtubule plus-ends via interaction with multiple binding partners including EB1 and the kinesin motor KIF17, in addition to direct microtubule interactions. Scene corresponds to boxed area in (A). (C) Suggested cycle of APC-mediated microtubule self-organization, leading to growth cone expansion and migration. (D) When one step in the above cycle is disrupted, this would be predicted to lead to growth cone shrinkage and stalled migration.
